It is now widely recognized that a rapid method for determining the streptomycin sensitivity of tubercle bacilli is highly advantageous in the management of tuberculosis undergoing, or about to undergo, treatment with this drug. Up to the present three different types of streptomycin sensitivity tests have been described. The first depends on preliminary isolation of the organism by culture on Lowenstein or similar media and the subsequent assay of the isolate in a fluid medium or by slide-culture (M.R.C. Report, Lancet, 1948; Giammalvo, Natsios, and Elton, 1949) . This method is so slow (six to eight weeks) that its clinical usefulness is doubtful. In the second method the sputum is directly cultured after digestion on agar egg yolk media (Pyle, 1947; Karlson and Needham, 1948; Youmans, Ibrahim, Sweany, and Sweany, 1950) , Lowenstein (Holt and Cruickshank, 1949 ; Hauduroy and Rosset, 1948) or potato-egg media (Anderson, 1949) containing appropriate dilutions of streptomycin. Even under the most advantageous conditions results are not obtained before the fourteenth day by this direct plating method. The third procedure is to use a slide-culture technique (Rubbo, Woodruff, and Morris, 1949; Sievers, 1949; Cummings and Drummond, 1949 ; Bernard and Kreis, 1949) . The present communication is an extension of our previous work on slide-cultures and describes the development of a technique now being used as a routine test in our laboratories.
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Methods
The essential problem in the direct micro-culture of tubercle bacilli is to achieve a simple method of treating the sputum without destroying its fixative properties or interfering with subsequent micro-growth. The choice of a fluid culture medium not affecting the activity of streptomycin but at the same time promoting rapid growth is also an obvious requirement. These points will be discussed.
Treahnent of Sputum.-Sputa from four cases of pulmonary tuberculosis, two of which were receiving streptomycin therapy, were cultured on slides before and after treatment with 1 % trypsin for 30 minutes, 5% oxalic acid for 30 minutes, 4% sodium hydroxide for 30 minutes, 6% (1.2 N) sulphuric acid for 20 minutes, and 23% trisodium phosphate for 24 hours at 370 C. After digestion the sputa were centrifuged at 3,000 r.p.m. for 30 minutes. The sediments were smeared on slides and allowed to dry in an incubator under cover of sterile petri dishes. The slides prepared from the tryptic digestion and the untreated sputa were sterilized by immersion in 6% sulphuric acid. All slides were then immersed in a fluid serum synthetic medium and incubated for six days at 370 C. After incubation the slides were stained and examined microscopically for typical fasciculate growth (Fig. 1) . In addition, all treated specimens were cultured on Lowenstein media for 30 days at 370 C. From the results shown in Table I since Spendlove, Cummings, and Patnode (1949) have shown that concentration methods do not increase the number of detectable bacilli in a direct smear.
The problem of determining the simplest technique of destroying the varied population of non-acid-fast bacilli and yeasts present in sputum was studied. Four procedures were compared: (1) immersion of the smeared slide in 6% sulphuric acid for two minutes before culture in serum synthetic medium; (2) immersion of the smear in 70% methyl alcohol for five minutes; (3) immersion of the untreated smear in the medium to which 5 units per ml. of penicillin and 50 ,ug. per ml. of sulphadiazine had been added; (4) combination of (2) and (3). The treated slides in methods (1), (2), and (4) were washed in distilled water before immersion in the serum synthetic medium. The results for 10 sputa are listed in Table II .
It will be seen that the acid treatment gave the best results, in that fasciculate growth was observed in every specimen with slight contamination occurring only in one instance. Methyl alcohol treatment was invariably unsuccessful in controlling contaminant organisms whose growth tended to inhibit that of the tubercle bacilli. The penicillinsulphadiazine combination was equally disappointing.
Further investigations of the acid treatment method showed that the number of contaminants decreased as the exposure time to acid increased but that this was accompanied by a decreasing size of fascicle formation. It was found that the optimal time of acid treatment was approximately four minutes, which is shorter than that recommended by other authors (Hauduroy and Rosset, 1948 ; Sievers, 1949 ; Cummings and Drummond, 1949; and Bernard and Kreis, 1949) .
Choice of Fluid Medium.-Up to the present stage of the investigation we had used a serum synthetic medium described by Williston and Youmans (1949) for all cultural work. However, since Giammalvo et al. (1949) had used a saponated blood medium, Sievers (1949) a lysed defibrinated blood, and Bloch (1948) had indicated that chicken embryo extract was of value, we decided to modify the serum synthetic medium along the following lines.
Using the basic medium (SG) containing asparagin 0.5%, KH2PO4 0.5%, K2SO4 0.5%, glycerol 2.0%, magnesium citrate 0.15% in distilled water (pH 7), modifications were prepared by adding (a) 10% ox serum (SGS, serum synthetic medium as above), A slide from one of the control tubes is removed with forceps, fixed and sterilized by heating on a hot plate (900 C. for 15 to 30 minutes), and stained with warmed auramine-rhodamine stain for 10 minutes. It has been found that excessive heating of the slides before staining (viz., by passing the slide directly through the bunsen flame) results in a marked reduction in the number of stainable bacilli, and hence should be avoided. The stained smear is examined by fluorescent microscopy, using either ultraviolet light as a radiant or a 100-watt globe as described by Matthaei (1950) .
Growth of the tubercle bacilli in the preparation can be readily detected by the presence of cord-like masses of golden acid-fast bacilli, best described as fasciculate micro-colonies (Fig. 1) . If growth is observed on this slide the remainder are then examined. If, however, no growth is observed in the control, the cultures are incubated for a further four days. If fascicles do not form after 10 days' incubation it is unlikely that any growth will occur subsequently. On some occasions slight contamination of the medium has been noted, due particularly to yeasts, but this does not affect the titration except when the contamination is very heavy.
The end-point is the lowest concentration of streptomycin inhibiting fasciculate growth of the majority of acid-fast bacilli seen in the preparation. final concentration of 80% serum. This provided a bacterial suspension capable of adhering to the slides when cultured by immersion in fluid medium. The tests were made in duplicate from each suspension in serum synthetic medium containing 0, 10, and 100 jug. of streptomycin per ml. At the same time the suspensions were used to sow heavily 0.05 ml. inoculum and 5-ml. quantities of the same medium containing the same streptomycin dilutions. The slide-cultures and tube cultures were incubated at 370 C. and the results noted after six days' incubation.
It will be seen that the results obtained by the two methods were identical and that it was possible to detect resistant forms in a predominantly streptomycin-sensitive population (90%) by slide-culture. It was evident that slide-culture was as sensitive and gave the same results as the tube dilution method.
A second series of experiments was made with the object of discovering whether this direct method of assay yielded the same results as the-indirect method. Tests were done with sputa of six patients by direct slide-culture and later with the same organisms isolated on Lowenstein medium. The latter were subcultured in liquid Tween albumin medium for six days to provide an inoculum for assay by the tube dilution method in serum synthetic medium. The results are shown in Table V , in which it will be noted that (1948) indicated that resistant forms may develop in 40% of cases after 60 days' treatment the management of the individual case must be based on the clinical, radiological, and bacteriological evidence available. One important aspect of the latter is the determination of streptomycin resistance before and during therapy. As already pointed out, a number of direct and indirect methods have been described, but, in our opinion, slide-culture assay is the method of choice for routine purposes. Of the various techniques dealing with slide-culture the method described here appears to satisfy the important clinical and laboratory criteria demanded of such a test. The procedure is technically simple, rapid in performance, and yields an accurate result six days after receipt of the specimen. Furthermore, extremely small quantities of sputa can be handled, and the medium is easily prepared and stored. Slide-cultures possess the advantages of direct plating, but without such disadvantages as homogenization of the sputa, the tedious preparation and storage of solid media, the delay in reaching a result (viz., not less than 14 days), and the confusion in readings due to contamination.
The present method differs from those previously described in the following details. (a) Direct smears are made from selected particles as recommended by Spendlove et al. (1949) . (b) Slides are mounted on a slide carrier to reduce manipulation to a minimum (Fig. 2) . (c) Sputum smears are sterilized by immersion in 6% H2SO4 for four minutes and then washed twice in distilled water, using a doublesided petri dish (Fig. 2) . (d) Serum synthetic medium is used containing 0, 2, 10, and 100 ,tg. per ml. of streptomycin. Saponated blood medium would be equally satisfactory, but the Dubos and Davis Tween albumin medium is not recommended on the grounds that fasciculate or cord-like growth is inhibited in the presence of Tween 80 (Middlebrook, Dubos, and Pierce, 1947) . (e) Growth is determined microscopically with the fluorescent microscope, using Hughes's stain (Hughes, 1943 ) and Matthaei's optical system (1920). These requirements simplify yet increase the reliability and safety of the test.
It is obvious that the test can only be applied to sputa in which organisms are visible by direct smear. This limitation is not so serious as it appears, since the most important cases requiring investigation are those in which the sputum is positive. The early exudative lesion found radiologically in a symptomless individual without sputum would not provide a suitable specimen for a streptomycin sensitivity either by slide or direct plate methods, but, should the lesion progress, then in all probability the sputum would become positive and hence suitable for slide-culture assay. Other pathological fluids containing visible tubercle bacilli can be treated by slide-culture, provided a suitable fixative, such as serum or albumin, is used.
So far over 100 sputa have been examined in these laboratories with consistently good results. Only on a few occasions has it been necessary to repeat the test because of technical imperfection of the method. As a result of this experience we arbitrarily designate grades of resistance as follows: Summary A description of a slide-culture method for determining streptomycin-sensitivity of tubercle bacilli in sputum has been presented. The method involves culture of the organisms as micro-colonies on the surface of glass slides immersed in serum synthetic medium containing three concentrations of streptomycin. As the method does not involve preliminary isolation of the tubercle bacilli a result can be given six days after receipt of the specimen. The method possesses the advantages of the direct plate without its practical disadvantages.
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A good deal of comparative testing was undertaken with a view to assessing the reliability and accuracy of the slide-culture assay. It was found that the results were identical with those obtained in liquid medium and the method was capable of detecting resistant mutants in a predominantly sensitive population of cells.
Arguments have been advanced on the grounds of simplicity and rapidity that slide-culture is the method of choice for determining streptomycin-sensitivity of tubercle bacilli in sputum, provided the organisms are visible in the direct smear from selected particles.
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